Tooth avulsion is a traumatic injury which can cause severe consequences to permanent dentition, because of the possible damage to periodontal structure. Immediate replantation is the best procedure. However, it sometimes cannot be performed and the success depends on the duration of extra-alveolar time and storage medium of the tooth. The objective of this paper is to review the literature about storage media due to its importance to replantation prognosis. Although innumerous storage media have been tested until now, none of them has the biological requirements and is available at the local accident. Saliva and water are easily accessible, although causing deleterious effects on periodontal cells. Growth factors have biological effects, though they are inaccessible. Thus, its use is impracticable. Propolis and green tea extract seem to be promising and new researches should be carried out. Milk, specially skimmed long shelf-life, seems to be a good option due to its cell viability good results besides its accessibility.
Introduction
Permanent tooth avulsion is one of the most serious dental trauma, in which the tooth is totally dislocated outside the alveolus and can cause serious damage to the periodontal structure [1] . Immediate replantation must be performed to allow the periodontal ligament repair and the maintenance of the radicular integrity with the cement coverage [2, 3] , although small areas of radicular resorption and anchylosis may appear in this situation [4] . However, due to other present injuries, the replantation cannot be always performed immediately. In these situations or when the tooth is not stored in an adequate storage medium, the chance of damage to the radicular surface with possibility of radicular resorption is high, which is the main cause of the replanted tooth loss [5] . There is meaningful relationship between the frequency of radicular resorption and the extraalveolar time and storage medium [6] . If the tooth is kept dry, the number of viable cells present in the radicular surface decreases as time raises and after two hours is impossible to find viable cells [7] . So, the dry storage is considered extremely deleterious to the normal periodont [6] . Thus, the tooth must be stored in a medium that keep the adherence ability and periodontal ligament cells viability and available at the avulsion place when the immediate replantation cannot be performed [4, 8, 9] . Osmolarity and pH are important factors to the cell viability conservation, and its growth happens mainly at osmolarity of 230-400 mOsm/kg and pH of 6.6-7.8 [10, 11] . The storage media vary according to the electrolytes' concentration and the osmolarity, and the protection of the periodontal ligament is more related to osmolarity of solutions than to chemical composition [6, 12] . At a hypotonic medium the cells expand and disrupt, whereas at hypertonic medium the cells shrink due to the osmotic movement of liquid outflow and both are critic to cell viability [6, 13] .
Many solution have been studied as possible tooth storage media. The proposition of this paper is to present a review of literature about the most used storage media for tooth avulsion.
Literature Review

Water
Water is easily found in most places where tooth avulsion usually happens. Though, water cause fast necrosis of the periodontal ligament and radicular resorption due to the hypotonic properties, acid pH, chlorine presence and high incidence of microorganisms contamination [6, 8, 11, [14] [15] [16] . This and the fact that causes more substitutive resorption than other media, as saliva and saline [6] , its clinical application is unacceptable. Many studies include water as negative control.
Saliva
Since the 70 s saliva was recommended as storage medium for avulsed tooth, that should be placed at the oral cavity or in a recipient that contains saliva expelled by the patient [17] . Even with better results than water [18] , it presents low performance due to its hypotonic properties [8] . Furthermore, bacteria and its byproducts might be present and potentiate cell damage started by hypotonicity, enhancing inflammatory response [18] .
Rehydration solution
Coconut water is a natural drink, without contamination, produced and hermetically stored inside the coconut. Its electrolytic composition is more similar to the intracellular than the extracellular fluid. The predominant cations are potassium, calcium and magnesium. Sodium, chlorine and phosphate are found at lower concentrations. The osmolarity is high due to the present carbohydrates, mostly glucose and fructose [19] . This isotonic drink is available in its natural form, extracted directly from de coconut, at long-life package or plastic bottles, mainly at tropical countries, and has been disseminated all over the world, which instigated researches about the use of this solution as a storage medium for avulsed teeth [20] . A study analyzed the viability of periodontal ligament in coconut water, HBSS and milk at 45 minutes, in which coconut water had statistically significant superior results, probably due to the nutrients present in this medium, like proteins, amino acids and minerals that help the cellular nutrition and keep its viability [20] . However, another research that used a more precise evaluation method, with analyzing periods of 1, 2 and 4 hours, observed a decreasing capacity of maintenance of periodontal ligament cell viability using the following storage media: milk, saline, coconut water with sodium bicarbonate, coconut water and mineral water [21] . This must be due to the fact that coconut water has an acid pH [7] , deleterious to cell metabolism. When sodium bicarbonate is addicted to neutralize the pH, the osmolarity increases, what might have contributed to the maintenance of cell viability. Even so coconut was similar to saline and, for practical application, its use is not applicable due to the difficulty to neutralize the pH [21] .
The oral rehydration solution Gatorade ® presents physiologic osmolarity, carbohydrate, which could supply energy to the periodontal ligament cells, but has acid pH, which could be responsible for the low capacity to maintain cell viability [8] . Thus, the oral rehydration solution Gatorade ® is considered inadequate as storage medium for an avulsed tooth [13] .
Milk
Milk is considered a suitable storage medium for avulsed teeth, as presents physiologic compatible pH and osmolarity, essential nutrients, growth factors [9, 22] , besides easily accessible [13] .
The pasteurized milk has low bacterial level, which represents an advantage over bovine milk in natura [14] . The long-shelf life milk has almost the same composition, pH and osmolarity of the pasteurized milk, its storage is easier and its shelf life is superior. Both pasteurized and long-shelf life milk were superior to Save-A-Tooth (HBSS based commercial product) for maintaining cell viability, and are considered effective storage media [15] .
The variation of milk fat content does not modify its properties, neither its constituents, keeping similar pH, osmolarity, carbohydrates and proteins contents. Though, fat content seems to have some effect on cell viability, which suggests low fat milk might be more appropriate to maintenance of periodontal cell viability [8] .
Milk reconstituted formulas, which do not require refrigeration, have higher shelf life and are easily transported, were compared to pasteurized milk. After 2 hours, the infantile milk formulas tested were superior to pasteurized milk, but after 8 hours, the pasteurized milk had superior performance than other substitutes. Carbohydrates, proteins and growth factors in infantile milk justify this better result until a period of 4 hours. Although, after this time, the dehydration process might destroy other growth factors present in the milk, resulting in lower performance [23] .
Soymilk has approximately the same proportion of proteins from bovine milk, is a good source of vitamins and minerals, has low level of saturated fats, does not have cholesterol and presents physiologic pH and osmolarity, also considered an adequate storage medium [14] .
Although milk has high acceptance as storage medium, still there is not a consensus in the literature related to the time of storage it is capable of maintaining the periodontal ligament cells viability [24] . Some studies considered milk as an appropriate storage medium since the extraoral time does not exceed 2 [25] , 3 [26] and even 6 hours [27] . A possible explanation is that the researches use different methods and different milk types, fibroblast origin and evaluation methods.
Considering that after 6 hours the milk lose effectiveness, and that most accidents are not so severe, the interval of 6 hours is reasonable for searching a dentist to replant the tooth [27] . Other positive aspect to be considered is the low cost, which make this an accessible storage medium for the population in general.
The effectiveness of milk in comparison to other storage medium is also controversial. A study [13] shows that it is so good or even better than Save-A-Tooth (SAT) for until 12 hours due to its physiologic osmolarity and the presence of growth factors. It is important to emphasize that SAT is a HBSS based commercial product, and maybe the result could have been different if HBSS had been employed.
The need to daily renew the milk promotes a negative effect on cell viability. It is possible that milk reposition remove the growth factors and proteins and hinder the cell metabolism. Furthermore, the aspiration might have a negative effect on the confluent cell monolayer. Maybe the renovation in bigger intervals may compensate the pH decrease and cause lower damage to the organization of confluent cell monolayer [28] .
There is not an agreement about the effect of temperature on the storage media effectiveness. Some authors [29] report low temperature (4°C) limit bacterial growth, while others [24] consider that skimmed milk kept at ambient temperature (20°C) until 48 hours is an adequate storage medium. However, other researchers [30] consider that since the periodontal ligament is stored in a favorable medium, the temperature has only a secondary function.
Cell culture media
HBSS (Hank's balanced salt solution) is a solution used as storage medium that presents physiologic pH and osmolarity. Due to its ability to maintain periodontal cells viability and proliferation for 48 hours, it is recommended by the International Association of Dental Traumatology and by the American Academy of Endodontists as storage medium for avulsed teeth [11, 31, 32] . HBSS is commercially found as Save-A-Tooth and can be acquired by internet, although it is not easily found at drugstores all over the world.
Viaspan is a storage medium used for organs transplants, sold at the United States. It has similar results to HBSS and superior to milk used as storage media [27] .
Euro-Collins solution, developed for hypothermic preservation of organs for transplant, presents physiologic pH and osmolarity and as storage medium showed better results than milk, and similar to the immediate replantation [1] .
Although their positive biological effects, the culture media are considered impracticable, as they are rarely accessible at the accident place and even in the international market. Thus, the interest in these media is merely academic.
Growth factors
Studies have demonstrated that the biological mediators called growth factors are capable to promote cell proliferation. The PDGF is a growth factor derived from platelets that has high mitogenic effect on periodontal ligament cells, also acting as chemotactic agent and stimulate protein synthesis of mesenchymal cells and the production of other growth factors as TGF-b [33] [34] [35] . After the exposition to PDGF, the fibroblasts induce incorporation of thymidine in 12-16 hours and this conducts to the cell duplication in 30-36 hours [34] . This suggest that PDGF plays an important role in the maintenance of periodontal ligament cell viability. The addition of PDGF to Save-A-Tooth enhances the ability of this storage medium to maintain cell viability, which indicates that PDGF has a stimulating effect on cells and is capable to increase the number of viable cells [13] .
Green tea
Green tea is the second most consumed drink in the world, losing only to water [36] . Due to this fact, the effectiveness of the green tea extract (GTE) to maintain periodontal ligament cell viability was assessed and showed similar results to HBSS and better than milk [37] . The presence of catechin in GTE, an antioxidant agent highly effective in the maintenance of cell viability, antibacterial and anti-inflammatory properties, might explain the better result than HBSS, but this has to be confirmed by future studies, as its efficacy to prevent root resorption [37] .
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The commercial green tea presents inferior results than GTE, HBSS and milk, due to its low osmolarity, which might lead to periodontal ligament cells necrosis, but was superior than water and could be considered an adequate storage medium until 1 hour after the avulsion [37] .
The EGCG is the main polyphenol of the green tea and, when compared to HBSS and milk at 2 hours, presents better results in the maintenance of cell viability [38] , and can be considered a therapeutic option [39] . Still, it could promote a favorable replantation with low infection levels and lower incidence of resorption and anchylosis [37] , as EGCG can inhibit osteoclasts formation [40] , cytokines production [41] and the inflammatory pathways [42] .
Propolis
Propolis is a resinous substance produced by bees to cover and protect the hive [4] . It is composed by vitamins, mineral salts, flavonoids, fatty and aromatic acids, esters, wax, pollen, volatile substances and some yet unknown [43] . Propolis presents antibacterial, antifungal, antiviral [44] and antioxidant [45] actions and is capable to accelerate the repair process in several tissues [46] .
The viability of periodontal ligament cells kept for 45 minutes in different concentrations of propolis (50 and 100%) was assessed and showed better results than HBSS, saline and milk. However, the evaluation method was trypan blue calculation, that assess only the cell viability and not the physiologic condition, neither the metabolic capability, which are the viable cells health status and knowingly critical for prevention of root resorption after the replantation [47] .
Other study [4] found similar results between immediate replantation, propolis solution and milk after 6 hours, but at 1 hour the result was not stimulant. A possible explanation is that the better incorporation of active principles of propolis responsible for the antibacterial antimicrobial, antiinflammatory, antioxidant actions and healing occurs when the tooth is kept in this medium for a higher time [11, 47] .
The addition of HBSS to propolis to combine its well established properties as storage medium promoted decrease in apoptosis level, increased cell viability and better physiologic condition [48] .
Although the biological properties of propolis have been demonstrated in vitro as described above, a study using dogs demonstrated that though the propolis extract have been effective in the maintenance of periodontal cell viability, this storage medium could not prevent substitutive root resorption, similar to saliva and the dry tooth, while milk presented better results, similar to HBSS [11] .
Others
Saline solution is an isotonic storage medium that sometimes is available when the dental trauma occurs, and presents similar results to milk at 2 hours period [25] .
The egg albumin presents high concentrations of proteins, vitamins, water and is not contaminated by microorganisms [49] . The periodontal repair of avulsed teeth was evaluated in egg albumin and milk at 3, 6 and 10 hours.
This study found better results in teeth immersed in albumin for 6 hours and considered this as an adequate storage media for until 10 hours [49] .
Due to the benefits of probiotics in the gastrointestinal tract in enhancing resistance to infections, the periodontal ligament cells viability was assessed kept in HBSS, saline and probiotic solution (L. reuteri) for 45 minutes. The results showed that there was not statistically significant difference between the storage media. The authors consider the probiotic solution an appropriate medium, although it is still needs new researches [17] .
Concluding Remarks
The avulsed tooth replantation success is dependent mainly of prevention and/or limitation of substitutive root resorption. Thus, the treatment must reestablish the periodontal ligament physiology as soon as possible. There are two key aspects in that situation: time that the tooth is kept outside the alveolus and the storage medium in which it is maintained. After avulsion, the reminiscent periodontal ligament on the radicular surface depends of vital metabolic supplies. The destruction starts when these metabolites are denied. To preserve the cell metabolism these supplies need to be reestablished. If the cells survive, they will catalyze the reproduction of new cells that could differentiate and reinstall the support tissues. To minimize the consequences after the replantation, the avulsed teeth must be stored in a solution that preserves the viability of the periodontal ligament cells.
The storage media must mimetize the oral environment most as possible. Thus, the reposition of physiologic metabolites, pH and osmolarity are properties that must be considered to choose a storage medium, beyond being easily found at the accident place. Although many studies had been performed, until now there is not a storage medium that fulfills the cited requisites. Besides, from the clinical evaluation, milk could be an adequate option when the immediate replantation is not possible.
